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Abstract

This paper analyzes the potential offered today by the macroseismic data to the evaluation of the seismic hazard.
The first part of the paper surveys the development of historical seismology, with special reference to Italy in
the last 15 years: the main innovations coming from the wedding between history and seismology are analyzed.
The second part points out the main problems to be solved in order to improve the use of macroscismic data for
the evaluation of sismic hazard, with respect to the main steps of analysis: historical investigation, intensity
assessment, isoseismal maps and attenuation relations, focal-parameters assessment, catalogue completeness.

1. Introduction

The last years have seen a big development of
methods and computer routines for the evalu-
ation of seismic hazard (a complete set of refer-
ences would be out of the scope of this paper, but
some of them can be found in Mayer-Rosa and
Schenk, 1989; Mayer-Rosa et al., 1993). For
most of these methods the catalogue represents
the main, if not the only, seismological dataset
and it is assumed as the «maximum possible»
information, upon which the evaluation of seis-
mic-hazard and risk relies to a large extent (fig. 1).
Most users are satisfied with catalogues and,
therefore, most energies are devoted to the best
use of them: completeness analysis, definition of
attenuation relations, seismic-hazard evaluation.

In the same period the interest for macroseis-
mic data has grown again among seismologists,
leading many countries to reactivate the macro-
seismic surveys by means of questionnaires and
to undertake massive historical investigation.
Actually, macroseismic data can be divided into
two types, according to whether they are com-
piled in terms of questionnaires, or derived from
written accounts. Data from questionnaires have
some advantages: for instance, they are compiled

to be processed directly in terms of intensity
scales. This fact, nevertheless, represents also a
weak-point, as in many cases a report would help
understanding the general picture. This paper
will not go deeper through this subject: however,
it is important to recall the most recent activity in
Italy (Postpischl et al., 1985; Chignola et al,
1989; De Rubeis et al., 1989) and Europe, for
which a good overview is given by the Proceed-
ings of the Workshops organized by the Seismo-
logical Survey of Ljubljana (Cecic, 1989; 1992).

From the other side, the historical investiga-
tion of earthquakes has known an outstanding
development, mostly due to a stimulating —
though not easy — «wedding» of goals, methods
and points of view belonging both to history and
seismology. The result of this «wedding» can be
seen today as the creation of a scientific disci-
pline, which can be called «historical seismo-
logy» (Vogt, 1989), that is a branch of seismo-
logy which makes also use of historical methods:
something very different from the sort of ama-
teurish game that sometimes appeared — and to
a certain extent was — a few years ago.

This paper will first survey the main outcome
of historical investigation in the last years, with
special reference to Italy, and then propose a
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Fig. 1. General scheme of processing and using macroseismic data for the assessment of seismic hazard and risk.

rapid overview of the main problems open inthe ~ Europe and in the world is out of the scope of this
use of macroseismic data. paper. It is worth to remember that historical
seismology started with some pioneer works by
Ambraseys (1971), Ambraseys and Melville

PART 1. HISTORICAL SEISMOLOGY (1982) and Vogt (1979a; 1981), having a first
moment of international discussion in 1978 at the
2. Europe and the world XVI ESC Assembly in Strasbourg (Martinez So-

lares et al., 1979; Mayer-Rosa and Cadiot, 1979;
A careful survey of historical seismology in  Ribaric, 1979; Udias and Mufioz, 1979). A fur-
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ther discussion took place in 1983 at the Antibes
meeting (Helly and Pollino, 1984).

Investigation followed up in several countries,
leading to many remarkable studies: it is im-
possible to recall them all here, but interesting
cases can be found in Vogt (1984; 1985; 1991),
Alexandre (1984), Musson ef al. (1984), Rodri-
guez de la Torre (1984), Gutdeutsch et al. (1987),
Wechsler (1987), Ambraseys (1988; 1991), The-
mudo Barata et al. (1988; 1989), Lépez Marinas
and Salord (1990).

Since 1986 some international projects have
been performing, starting from the need for inter-
national research standard and collaboration, in
order to overcome the traditional frontier discon-
tinuities. Among these projects the IAEA «Seis-
mic Data for Nuclear Power Plant Siting» (IAEA,
1987; Margottini and Serva, 1988; IGN et al.,
1988; Giirpinar, 1989; GPSN et al., 1990; IAEA-
TAEA, 1991) and the EC «Review of Historical
Seismicity in Europe» (Stucchi, 1988a) can be
recalled.

The reflexes of these activities are also evi-
denced by the increasing number of sessions at
international conferences (Payo, 1989; Roca and
Mayer-Rosa, 1990; Kozak, 1991; Stucchi et al.,
1991a) and by the creation of international work-
ing groups (Gutdeutsch et al., 1992).

It is worth to observe that historical seismo-
logy is flourishing also outside Europe and the
Mediterranean area. Remarkable examples con-
cern Ethiopia, performed by a French-Canadian
investigator (Gouin, 1979), the Caribbean
(Grases, 1986), Mexico (Perez et al., 1987).

3. Italy, 1980-1990

The Irpinia and Basilicata earthquake of 1980
occurred in a period in which the historical earth-
quake investigation has recovered new energy in
Italy. After a recognition of existing catalogues
(Carrozzo et al., 1973; 1975), compiled by deriv-
ing in some way focal parameters from the main
seismological compilations (mostly Mercalli,
1883 and Baratta, 1901), on one hand the nuclear
agencies stimulated ENEA (former CNEN) to
carry on many detailed investigations in selected
areas, such as Friuli and North-eastern Italy (ac-
carino and Molin, 1978a, b), Tosco-Emiliano

Apennine (Margottini and Molin, 1983), Latium
(Dell’Olio and Molin, 1980; Molin, 1981) and
other areas (Margottini, 1981; Serva, 1981a, b).

On the another hand, the «Catalogue» Work-
ing Group of the Progetto Finalizzato Geodi-
namica, chaired by D. Postpischl, started revising
the earthquake file made available by ENEL
(1978), investigating in detail the major earth-
quakes . In this frame, considerable work led to
the publication of isoseismal sets (Barbanoet al.,
1980) and later of the «Atlas» (Postpischl,
1985a). The main innovation consisted in the
compilation and publication of intensity data-
points and isoseismal maps as part of the dataset,
therefore useful not only for the compilation of a
catalogue, but also for other purposes, such as
attenuation relations and so on.

As for the historical sources, this period shows
the transition from the simple use of the main
seismological compilations to detailed historical
investigation of sources. Seismologists had the
common feeling that careful historical investiga-
tion could help a lot. This feeling was translated
into different approaches: for someone it was
enough to retrieve some of the sources used by
the compilations; someone added broad library
investigations; someone, finally, started colla-
borating with professional historians and inves-
tigating the archives. Nevertheless, no standards
were fixed, so that the output, represented by the
«Atlas» (Postpischl, 1985a), shows a broad range
of care with regard to this aspect.

The final goal of the «Catalogue» Working
Group, the so-called «PFG Catalogue» (Post-
pischl, 1985b), was actually achieved by 1982,
though the compilation took over up to 1985. The
PFG catalogue had the basic value of being pub-
lished, making most of the data available to the
users. Nevertheless, like most catalogues of this
generation, it appears like a puzzle of many inho-
mogeneous components.

The main point with this catalogue is that the
increase in the number of the records has been
paid in terms of increased inhomogeneity, and
that the procedures for assessing earthquake par-
ameters are far from being transparent, like in
most current catalogues.

After the compilation of the data for the PEG
catalogue and Atlas, historical investigations
were carried on by small groups including in-
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creasing contributions by historians (Gentile et
al., 1984; Branno et al., 1985; Monachesi et al.,
1985), while a major effort was undertaken in the
frame of the ENEL nuclear-power plants siting
project (ENEL, 1984a, b, c, d; Postpischl et al.,
1984; Berardi and Muzzi, 1988), under the
leadership of the former coordinating unit of the
PFG «Catalogue» Working Group, established
as SGA.

This project succeeded in a dramatic improve-
ment of the quality of the investigation, with
respect to the type of investigated sources and of
the efficiency of the investigation itself.

First of all, the investigation was planned
carefully, by cross-checking the areas potentially
shaken by the earthquakes to be investigated with
the elements concerning the historical features of
those areas and the distribution of the sources
related to them. Some consequences followed
with respect to the organisation. The investiga-
tion was not performed «per single earthquakes»
but «per sources or depositories», involving
tenths of researchers, covering large portions of
archives and libraries, performing integral sur-
veys of funds and sources. This approach allowed
detailed knowledge of the sources, what is essen-
tial for a better interpretation of historical records.
Next, the investigation was coordinated by a
unique team and performed according to a defi-
nite standard; finally, the historical records were
compiled in such a way to be ready for a data-
bank.

This project led to the study of more than a
1700 earthquakes (Guidoboni and Ferrari, 1989),
mostly distributed in Northern Italy; it included
many important earthquakes, critical with respect
to the seismicity of some regions, such as the
1117 and 1222 earthquakes (Guidoboni, 1984;
1986; Magri and Molin, 1986). Unfortunately,
this huge amount of data is not yet public.

After the ENEL project, SGA carried out fur-
ther pioneer investigations, such as the one on the
1786, Rimini earthquake (Guidoboni and Ferrari,
1986), and the investigation of the major earth-
quakes of Calabria and Sicilia, including the
1693 earthquake, performed for ING. Outstand-
ing is the volume on the Mediterranean earth-
quakes before the year 1000 (Guidoboni, 1989),
which has a double interest, as it provides a
catalogue (in the sense of seismological compi-

lation, not of parametric catalogue, which would
spoil much of its content), and it can be seen as a
laboratory, where authors of different expertise
and scientific view have explored problems,
methodologies and sources, also tackling the
new-born seismic archeology.

In the most recent years, some contributions
from ENEA (among other papers, Meloni and
Molin, 1987; Molin and Mucci, 1990) show the
continuous effort of this Agency in this field.
Osservatorio Vesuviano performed some de-
tailed investigation on Southern Italy earth-
quakes (Esposito et al., 1987) and published a
remarkable study of the 1456 earthquake (Fi-
gliuolo, 1988), one of the most important events
of the Italian region; the main characteristics of
this earthquake, as reconstructed by Meletti et al.
(1988), stimulated seismologists to deal with
possible, multiple, sub-contemporary earth-
quakes, requiring special care for the assessment
of focal parameters.

In 1986 the «National Group for Protection
against Earthquakes» (GNDT) of Italy started a
five-year macroseismic project, the main goals of
which are: a) the detailed investigation of some
earthquakes critical for the hazard assessment; b)
the compilation, according to standard criteria, of
intensity maps for all earthquakes with Ip =
VII-VIII MCS; c) the compilation of a database
of intensity data and of a working catalogue. A
description of criteria and procedures adopted
can be found in Stucchi (1991), while some re-
sults are found in some compilations (Mona-
chesi, 1987; Stucchi, 1988b; Postpischl, 1991)
and in a volume (Albini and Barbano, 1991). The
project has seen a significant participation of
historians, as full-time investigators or university
research units with ad hoc grants.

In the frame of this project a careful analysis
of the macroseismic procedures has been per-
formed, pointing out the weakest points and
exploring solutions (Stucchi and Albini, 1991).
The working file is in progress and will contain
some innovating elements (GNDT Macro-
seismic Working Group, 1992), including the
results of the continuous updating of the cata-
logue of the Eastern Alps (OGS, 1987), per-
formed with the progressive merging of neigh-
bouring countries catalogues, such as Austria,
Slovenia and Croatia.
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PART II. MACROSEISMIC DATA AND SEISMIC
HAZARD

4. Macroseismic procedures

The results of the most recent historical-seis-
mological investigations have provided such a
large amount of data, of such an improved quality
level, to lead many investigators to reconsider
entirely the traditional macroseismic procedures
with respect to historical data. It has made clear
that the «classical» processing of the historical
records:

sources — records — intensities — isoseismal
map — catalogue

does not use but a very limited amount of infor-
mation, the rest of which being lost to any use.
Actually, if the only goal is the determination of
the centre of mass of the earthquake (epicentre or
focus), all data which contribute to it can be
disregarded. But this was a minor simplification
when the macroseismic information concerning
an earthquake did not exceed a few datapoints.
Today the situation is rather different: the number
of datapoints per earthquake increases, the
quality in the content of the historical records also
increases and the classical synthesis, such as
intensity assessment, epicentre determination
and so on, appears more and more as a narrow-
band filter. Moreover, simply «cutting out» the
earthquake records from the source does not
allow good interpretation in terms of intensity,
what requires also a deep knowledge of the con-
text (types and total number of buildings). The
ignorance of such elements can lead to dif-
ferences of one, two and even three intensity
degrees, which is obviously of great impact for
the assessment of seismic hazard, especially in
the case of those earthquakes which have only
few datapoints.

5. Historical records

The progress of the historical investigation
has been recalled in PartI. It is important to stress
that the procedures according to which historical
records are processed are, in principle, quite simi-
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lar to those by which instrumental data are pro-
cessed (Postpischl er al., 1991). Therefore, it can
be required that such procedures accomplish a
minimum standard of rigour and transparency, as
in the case of instrumental data. Figure 2 shows
how the processing of historical records can be
divided in some steps (Stucchi and Albini, 1991).

a) Historical investigation

The historical investigation can range from a
simple tour of a seismologist to a library next
door, grasping a few records after consulting the
library inventory at the voice «earthquake», to
accurate library and archive investigations per-
formed after careful analysis of the history of
countries and archives. The output ranges from
third-hand (or more) records, the reliability of
which can be very low, to precise, unique infor-
mation reported by careful eye-witnesses with no
pretence to scientific interpretation.

The quality of the final result, obviously, de-
pends strongly on the quality of the historical
investigation. Unfortunately it is not frequent to
find information about this point in papers on
«historical earthquakes»: seismologists want to
get the results without being bothered by history.
But in such a way it is sometimes hard to classify
the data, and any future investigator will find
easier to start again the research, often repeating
the same roads. Further, this kind of information
is also important for assessing the completeness
of the catalogues, discussed later.

b) Earthquake assemblement

Earthquake records can in some way be seen
as pieces of puzzles which are to be properly
assembled (Stucchi er al., 1991b). This step is
very critical, because the investigator needs to
locate all the records with respect to a time-space
reference system. Problems and pitfalls related to
this problem are well known to most authors and
analyzed for instance by Vogt (1979b), Ferrari
and Marmo (1985). Nevertheless, catalogues are
still full with duplications or misinterpretations
which follow from uncareful handling of this
problem.

¢) Intensity assessment
The main procedure for processing historical
records towards practical uses is the intensity
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Fig. 2. Main steps of the processing of historical records.
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assessment; this means to compare the earth-
quake records with a set of effect descriptions,
ordered in a progressive way, and to select the
one to which the record corresponds better. Only
very seldom the records are written in such a way
to be exactly comparable with intensity scales:
therefore, intensity assessment has always been
performed according to personal standards, often
leading to differences of one or even two intens-
ity degrees for estimates performed on the same
data.

Some uncertainties which come from the in-
terpretation can be lowered by improving the word-
ing of the scales (this is one of the tasks recently
committed to the Working Group «Macroseismic
Scales» of the European Seismological Com-
mission — chaired by G. Griinthal — for updat-
ing the MSK scale), in order to lower the need for
personal interpretation; or by implementing com-
puter routines or expert systems, in order to guar-
antee at least that different investigators (or the
same one in different times) obtain — more or
less — the same estimates from the same data.
Some other uncertainties are incorporated in the
records, and cannot be lowered without further
investigation. In many cases, additional sources
may improve the general picture of the effects,
though it is not infrequent that they may intro-
duce contradictions (Stucchi e al., 1991c).

Furthermore, records are to be interpreted in
the light of the context where they are located and
have been produced. Investigators often literally
cut off from the text few words describing earth-
quake effects, what can lead to partial or even
biased interpretations. Finally, type and total
number of buildings are often scarcely investi-
gated, though they play a major role in intensity
assessment. An overview of the problems con-
nected with intensity assessment from historical
records can be found in Stucchi (1992).

6. Intensity distributions, isoseismal maps
and attenuation relations

An intensity map, that is the distribution of
observed intensity datapoints of an earthquake, is
the best compromise between the qualitative na-
ture of historical records and the quantitative
needs of the users. An intensity map tells at a

glance how good is the knowledge of the earth-
quake itself; the total number of intensity data-
points, their density and azimuthal coverage can
be used for assessing quality factors, in the same
way as number and distribution of the recording
stations in the case of instrumental data. The
importance of datapoints has started to be recog-
nized in the 70’s (Shebalin, 1974; Karnik and
Prochazchova, 1978).

Isoseismals lines have been considered at the
beginning as isolines of effects, but have become
in the common practice isolines of a «macroseis-
mic field», that is the earthquake propagation
pattern observed by means of its effects. There
arestill alot of problems to be solved with respect
to a proper use of isoseismal lines. First of all,
isoseismals are deeply influenced not only by the
criteria according to which they are drawn, but
also by the representativeness of the datapoint
sample, which in many cases is very poor (Be-
rardi et al., 1990). Actually, datapoints are found
in correspondence to localities; these are not
found everywhere along the Earth surface, are
not distributed regularly, but are denser for in-
stance along valleys and coastlines, scarce along
mountain chains, and not found in the sea. Other
problems come from the fact that intensity may
not reflect directly the shaking, being deeply
influenced also by soil conditions and buildings
vulnerability. As a reliable transfer function has
not yet been found, the use of isoseismal maps as
pictures of the propagation pattern for compari-
son with theoretical radiation/propagation pat-
tern is to be dealt with a lot of care.

Attenuation relations are used to predict shak-
ing at the sites. As an output of the processing of
isoseismal maps, they suffer from the same prob-
lems of the last ones; nevertheless, some recent
attempts have tried to take into account in a
proper way the real nature of intensity in attenu-
ation problems (Grandori e al., 1991).

7. Focal parameters and catalogues

The macroseismic epicentral location used to
be defined as the centre of mass of the inner
closed isoseismal area. However, it is well
known that the cases in which this procedure can
be applied are very few; nevertheless, catalogues
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are full with macroseismic epicentres derived
from very poor intensity datapoint distributions,
according to some procedures. The same holds,
more or less, for epicentral intensities, the assess-
ment of which can be heavily influenced by an
investigator having in mind that they will be used
to evaluate the size of the events rather as starting
points for applying attenuation relations.

As for the depth, it is well known how un-
stable this parameter is with respect to the current
calculation procedures. As they stand, today,
depth figures are in most cases of little use for
seismotectonic purposes, while for hazard as-
sessment some attenuation relations do not need
to take depth into consideration (Grandori et al.,
1991).

Magnitude is still a major problem, as the
traditional relations M = M(lo) or M = M(lo, h)
have shown unsatisfactory. Some attempts to
find out relationships between M and the size of
some isoseismals have shown encouraging re-
sults, though only on a regional basis (Margottini
et al., 1993).

Focal parameters generally fill in the cata-
logue records, which sometimes include also
some propagation parameters. It is to be stressed
that, generally, most macroseismic parameters
are given without reliability estimates: when they
are given, in many cases they appear difficult to
understand and uneasy to use. Reliability esti-
mates can be easily added to the parameters of
the catalogues, provided that the primary data are
available.

It is obvious that for many purposes it would
be very useful to have all primary data available,
together with the trace of the processing through
which they did undergo. Some ideas with respect
to this problem can be found in Postpischl et al.,
1991; some attempts of building up databanks of
this kind are in progress (Godefroy et al., 1990;
Margottini, 1991; Boschi et al., 1992).

8. Catalogue completeness

The completeness of the catalogues is a prob-
lem which intrigues many seismologists, as it
represents a condition for the use of many ap-
proaches to the evaluation of seismic hazard. The
completeness of a catalogue in a given time-win-

dow should follow in principle from the rate of
the available sample, per class of size, versus the
earthquakes, per class of size, which actually
took place (fig. 3). As the second element is not
known, the only way to assess the completeness
is to evaluate the representativeness of the avail-
able sample.

The most common procedures for assessing
the completeness of a catalogue, such as the one
proposed by Stepp (1971), investigate the content
of the available sample itself. Some of them rely
on assumptions which require, more or less ex-
plicitly, that seismicity is stationary over a certain
period of time, what is hard to accept in most
cases.

A better way to deal with the problems of
completeness would be to consider the factors
which may influence the feeding of a catalogue,
with respect to both the possibility of incorpora-
tion of an earthquake and the reliability of its
parameters (date, location and size). It is well
known, for instance, that presumed seismic gaps
can be explained by historical sources gaps or,
simply, by non-exhaustive investigations, and
that the pretended linear increase with time of the
completeness of a catalogue with reference to a
presumed, linear increase with time of recorders
and historical sources may represent a mislead-
ing oversimplification.

The most critical steps which may influence
the representativeness of the historical content of
a catalogue, with special reference to the written
records, are summarized in table I. Similar con-
cepts could be applied, in principle, for the in-
strumental content.

9. Conclusions

Historical seismology is on the way to estab-
lish as a «full right» branch of seismology, pro-
viding a huge amount of good-quality, macro-
seismic data. The most recent experiences for
assessing seismic hazard have shown that the
input data play an important role on the final
results. The full exploitation of the available data
for improving the seismic-hazard assessment
seems to have a weak point in the procedures by
which macroseismic data are processed in order
to-supply focal and attenuation parameters. By
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Fig. 3. Uncomplete (reported events) versus complete (occurred events) catalogue: a sketch.

Table L. Steps which contribute to the «completeness» (representativeness) of the historical part of a catalogue.

Earthquake (It is not necessary that an earthquake occurs in order to be listed in a catalogue...)

Sources

Recorders: Recorders are those people who, regardless their motivation, have produced

type, historical sources, that are collections of historical records. Earthquake records are

distribution, produced voluntarily on inveluntarily, and can be found in a large variety of

..... historical sources.

Sources: Sources are not necessarily preserved at the sites where they are produced, but they

scattering are scattered through a number of depositories; they, in their turn, undergo

preservation complicated histories which affect deeply the preservation of the records.

..... All these factors need to be taken into account in order to assess the source potential.

Investigation: Of course, the investigation of the sources can be exhaustive or preliminary,

expertise, depending on the investigator’s skill and budget.

skill, It has to be stressed that the quality of the seismic compilations upon which most

budget, ..... parametric catalogues rely is deeply influenced by these factors.

Records

Interpretation The correctness of the historical interpretation also influences the content of the
catalogue, for instance with respect to the problem of duplications.

Seismological It is also clear that the «completeness» of a catalogue above a certain size can

processing depend strongly also on the procedures by which earthquake parameters have been

assessed, with reference mostly to. epicentral intensity and location.
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another side, the availability of so many data has
stimulated alternatives in order to use the intens-
ity datapoints (seismic histories at the sites),
without drawing isoseismals (Mucciarelli et al.,
1990; Peruzza et al., 1991) for evaluating the
seismic hazard.
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